Objective. To examine the relationship between access to health care and undiagnosed diabetes among the high-risk, vulnerable population in the border region between the United and OR 4.5, respectively
able differences in terms of types of health care systems and level of economic development (1) . On both sides of the border, undiagnosed diabetes is associated with tremendous human and economic costs.
In the United States, an estimated 5.7 million people with diabetes-24% of the 23.6 million people suffering from diabetes nationwide-were undiagnosed, according to a 2007 study (2) . In Mexico, a survey published in 2002 targeting the urban population aged 20 to 69 years indicated 26% of people with diabetes aged 40 years or older and 42% of those aged 20-40 years old were unaware of their condition (3) . Complications of diabetes include blindness, kidney failure, cardiovascular disease, and conditions that require lower-limb amputations (4) . There are many efficacious and costeffective interventions that can prevent or delay these complications, but none would be carried out among people with diabetes who are unaware of their condition (4) . Therefore, timely detection of diabetes is crucial (5) (6) (7) .
In the United States, according to U.S. Census Bureau estimates for 2008, 15 .4% or 46 million people lacked health insurance (8) . By 2009, the estimated number had grown to 52 million (9) . In Mexico, data for 2001 from a nationally representative prospective panel study known as the Mexican Health and Aging Study (Estudio Nacional de Salud y Envejecimiento en México) indicated 39% of Mexican adults aged 50 years or older were uninsured (10) . Although several initiatives have been launched in Mexico to expand health insurance coverage, as well as access to health care, including the conditional cash transfer Oportunidades program targeting poor families with children (formerly known as Progresa), and the Seguro Popular de Salud program targeting the uninsured, they have not resulted in substantial improvements (11) . While data for the U.S.-Mexico border region in particular is relatively limited, studies that have been conducted indicate similar gaps in health insurance coverage. In the four U.S. states that border Mexico, the percentage of uninsured was 21% in the counties that border Mexico and 14% in the counties that do not (12) .
Studies in both the United States and Mexico indicate that, compared to those with insurance, the uninsured are much less likely to receive routine checkups or preventive services (13, 14) , tend to be more severely ill when diagnosed, and receive less therapeutic care (15) . Not only does insurance coverage play a role in access to preventive care (16) , but absence of a place to go for routine health care, which is related to lack of health insurance, is also associated with the absence of screening, follow-up care, and pharmacologic treatment for hypertension (17) . Limited access to health care not only affects the use of preventive services (18) but also elevates the risk of a decline in overall health (19) and is associated with undiagnosed diabetes along with other health conditions (20) .
Limited access to health care is one of the challenges faced by people living in the U.S.-Mexico border region. This study examined how various health care access indicators, including insurance coverage, affects the detection of diabetes among the high-risk, vulnerable population in the U.S.-Mexico border region, and whether the relationship differs between the two countries.
MATERIALS AND METHODS

Data
This epidemiological study used survey and fasting plasma glucose data from Phase I (February 2001 to October 2002) of the U.S.-Mexico Border Diabetes Prevention and Control Project (21) . Phase I was a population-based, crosssectional study of a multistage cluster representative sample of 4 027 adults aged 18 years or older living in the 10 contiguous states of the U.S.-Mexico border region.
The project survey included a questionnaire with 65 questions about diabetes, general health and access to health care, hypertension, physical activity, diet and eating habits, tobacco use, alcohol consumption, reproductive health, sociocultural aspects, acculturation, education, work history, and demographic characteristics, including ethnicity (21) . Bilingual interviewers administered the questionnaire in either English or Spanish, depending on the preference of each individual respondent. Weight and height were measured and used to calculate body mass index (BMI). As per World Health Organization (WHO) standards, BMI categories were defined as follows: underweight < 18.5, normal weight 18.5-24.9, overweight 25-29.9, and obesity ≥ 30.0. Systolic and diastolic blood pressure levels were measured in triplicate. Venipuncture was performed after 8-hour fasting to obtain fasting plasma glucose (21) .
The current study's analyses were based on project survey data for adults aged 18 to 64 years who had fasted for 8 hours or longer immediately before having their plasma glucose measured (n = 3 470). Persons aged 65 years or older were excluded to screen out recipients of Medicare (a U.S. federal government health care insurance program available to those in that age group). Survey respondents were classified as having diagnosed diabetes if they responded positively to the question "Have you ever been told by a doctor or other health care worker that you have diabetes or high blood sugar?" Women who had diabetes only during pregnancy were excluded. Survey respondents who had not been told that they had diabetes but had a fasting plasma glucose level ≥ 126 mg/dL were classified as having undiagnosed diabetes while those with fasting plasma glucose levels < 126 mg/dL were classified as not having diabetes.
Measures
Access to health care can be measured in terms of availability, organization, financing, utilization, and satisfaction, among other domains (16) . The measures of access used in this study pertained to financing and utilization (16) . Financing was measured by classifying respondents as either insured or uninsured. Respondents who answered "None" to the question "Which of the following is your primary medical coverage plan?" were classified as uninsured. Utilization was measured by 1) number of times the survey participant received health care during the past year, derived from the answer to the question "How many health care visits have you made in the past 12 months?" and 2) routine pattern of health care utilization, based on the answer to the question "What type of health care facility do you usually use?" For those on the Mexican side of the border, possible answers to the latter question included a) emergency room or urgent care clinic, b) private doctors' offices, c) public clinic (non-urgent care), d) Results were controlled for six sociodemographic factors: age (continuous variable), sex, marital status (dichotomous variable), highest level of education attained (less than high school, high school, and high school plus some college), and occupation (white collar, blue collar, service, and not in the labor force). Covariates included BMI (continuous variable) and a dichotomized version of self-rated health ("good or above" versus "fair/poor").
Data analysis
In the study analysis, SUDAAN statistical software version 9.0.1 (SUDAAN Statistical Software Center, Research Triangle Park, NC, USA) was used to estimate 95% confidence intervals (CIs) to adjust for the complex survey sample design (22) , and two-tailed Student's t-tests were conducted to determine significance (P < 0.05).
Three different approaches were used to examine the relationship between access to health care and undiagnosed diabetes: 1) use of multivariate logistic regression models among all survey respondents with diabetes ("diagnosed" and "undiagnosed") to examine the association between undiagnosed diabetes and health care access indicators; 2) use of the same multivariate logistic regression models among survey respondents who self-reported not having diabetes (including those who did not have diabetes and those who had diabetes but were unaware of their condition) to examine the association between access to health care and actually having diabetes, with age, sex, marital status, education, occupation, BMI, self-rated health, and country of residence as covariates; and 3) testing for interaction between access to health care and country of residence, and, in cases where P values for interaction were significant, further examination of the percentage of survey respondents with undiagnosed diabetes, by health care access indicator and country of residence.
RESULTS
Among the survey respondents aged 18-64 years old who had fasted for at least 8 hours immediately before having their plasma glucose measured (n = 3 470), the current study identified 178 individuals with undiagnosed diabetes, 326 with diagnosed diabetes, and 2 966 persons without diabetes ( Table 1 ). The mean age for those with diagnosed diabetes was 48.5 years. For those with undiagnosed diabetes and no diabetes, the mean ages were 38.0 years and 35.5 years, respectively. There were no significant differences by sex, marital status, or occupation among the three groups ("no diabetes" "undiagnosed diabetes," "diagnosed diabetes"). There was a significant racial/ethnic difference by diabetes status, with Hispanics comprising 98.1% of those with undiagnosed diabetes but only 70.3% of the total population. Although residents of the Mexican side of the border represented only 44.2% of the total study sample, they represented 73.6% of the cases of undiagnosed diabetes. Regardless of diagnostic status, persons with diabetes had, on average, significantly lower educational attainment and were significantly more likely to be obese than persons without diabetes (P < 0.001). Those without diabetes had the best self-rated health, followed by those with undiagnosed diabetes and then those with diagnosed diabetes.
The percentage of uninsured was higher among persons with undiagnosed diabetes than among persons with diag-
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Original research nosed diabetes but the difference was not statistically significant. However, persons with undiagnosed diabetes were more likely than those with diagnosed diabetes to report not having made any health care visits in the past year (39.2% versus 13.4%) and not having a place to go for routine health care (16.6% versus 3.7%) (P < 0.01 for both indicators). The multivariate logistic analyses (Tables 2, 3, and 4) examined the relationship between access to health care and undiagnosed diabetes. After adjusting for age, sex, marital status, education, occupation, BMI, self-rated health, and country of residence, it was determined that persons with undiagnosed diabetes were significantly more likely than those with diagnosed diabetes to report being uninsured (OR 2.6, 95% CI 1.0-6.6) and having no place to go for routine health care services (OR 4.5, 95% CI 1.4-14.1).
Interactions between living on the U.S. side of the border and having insurance were significant for both the diabetic population and those not reporting diabetes (P = 0.004 and 0.045, respectively) ( Table  5 ). For the diabetic population, the interaction between living on the U.S. side of the border and number of health care visits made in the past year was also significant (P = 0.027) ( Table 5 ). The percentage of those with undiagnosed diabetes in the U.S. border region diabetic population was significantly higher among the uninsured than among the insured (28.8%, 95% CI 11.5%-46.3% versus 9.1%, 95% CI 1.5%-16.7%; P < 0.05) ( Table 5) . Furthermore, on the U.S. side of the border, the number of health care visits made in the past year was significantly associated with undiagnosed diabetes: among those who had not made any health care visits in the past year, 40.8% (95% CI 19.6%-62.0%) were undiagnosed, whereas among those who had made 1 to 3 visits, 23.4% (95% CI 9.9%-36.9%) were undiagnosed; among those who received care 4 times or more, 2.4% (95% CI -0.9%-5.7%) were undiagnosed. Among survey respondents living on the U.S. side of the border who self-reported not having diabetes, the percentage of those with undiagnosed diabetes was significantly higher among the uninsured than among the insured (3.9%, 95% CI 1.0%-6.8% versus 1.1%, 95% CI 0.3%-1.9%; P < 0.05).
Among the survey respondents living on the Mexican side of the border, this pattern did not exist, although the percentage of undiagnosed diabetes was generally higher in each population category versus the U.S. side of the border. However, there were some variations in the percentage of undiagnosed diabetes on the Mexican side of the border by type 
DISCUSSION
Persons with undiagnosed diabetes are at high risk for diabetes-related complications (2, 5) . Interventions that can reduce the risk of or at least delay the development of diabetes complications require timely diagnosis of the diabetes, which in turn requires access to routine health care services. Based on a representative sample of adult residents of the U.S.-Mexico border region, findings from the current study showed that lack of access to health care was significantly associated with elevated risk of having undiagnosed diabetes, and undiagnosed diabetes was associated with a lack of both health insurance and a place to receive routine health care. When analyzing the data by country of residence, the results showed that, on the U.S. side of the border, limited access to health care due to lack of either health insurance or a place to receive routine health care was significantly associated with undiagnosed diabetes. On the Mexican side of the border, however, there was no association between these variables.
Previous studies found no relationship between education or income and risk of having undiagnosed diabetes (23, 24) . However, these studies did not consider the effect of access to health care (another aspect of socioeconomic status) on diagnosis of diabetes. A recent study (25) using data from the U.S. Centers for Disease Control and Prevention's Behavioral Risk Factor Surveillance System (BRFSS) (1998) (1999) (2000) (2001) found that persons of lower socioeconomic status were at greater risk for not receiving preventive care than those at other socioeconomic levels, and those without health insurance coverage had the greatest risk of not receiving preventive care. One study that specifically examined the effect of access to health care on diabetes diagnosis (20) found an association between limited access and being undiagnosed. In line with those findings, the results of the current study suggest that, at least for those residing on the U.S. side of the border, limited access to health care due to lack of health insurance and/or lack of a place to receive routine health care has a significant effect on the detection of diabetes.
When the study analysis was repeated, stratifying the data by country of residence, the results suggested that type of health care system might account for the difference in the association between access to health care and the detection of diabetes. Among those living on the Mexican side of the border, the percentage of undiagnosed diabetes was higher in all categories (see Table 5 ) versus those living on the U.S. side of the border. However, there was no significant association among those living on the Mexican side of the border between access to health care and diagnosis of diabetes. In contrast, among those living on the U.S. side of the border, access to health care was associated with detection of diabetes (i.e., respondents with a place to receive routine health care had less likelihood of having undiagnosed diabetes). This pattern appeared not only among the diabetic population but also among people who reported not having diabetes. An increase in patients' willingness to seek insurance and use health care upon receipt of a diagnosis of diabetes may have driven these findings, as shown in studies on use of health care services after diagnosis of diabetes versus several years prior (26) (27) (28) (29) , which found an increase in health care utilization. Similar to a previous study (20) that found that undiagnosed status could be attributed to a lack of access to health care, the current findings indicated that, at least for those on the U.S. side of the border, access to health care plays a crucial role in determining whether or not diabetes is detected.
Based on the country-stratified data, the differences in the association between access to health care and diabetes detection on the U.S. versus the Mexican side of the 
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• Access to health care and undiagnosed diabetes border may be attributable to the type of health care systems in the two countries. When survey respondents' responses about routine patterns of health care utilization were analyzed, four main categories emerged: 1) "none" (i.e., having no place to receive routine health care), 2) emergency room or urgent care, 3) publicly funded care, and 4) private care. While the categories "having no place to receive routine health care" and "use of private care" are self-explanatory and have definitions common to both sides of the border, the "emergency room/urgent care" and "publicly funded care" categories have different, country-specific criteria. For example, in the United States, the "publicly funded" category included public clinics funded by Medicare or Medicaid, Veteran Affairs facilities, and health centers operated by communities, whereas in Mexico this category included public clinics, the Veteran Affairs hospital (Sedena Marina), and health centers operated by the IMSS, the ministry of health, and the ISSSTE. According to other studies, differences in health care systems may account for variations in the association between health care access and various health outcomes (10, 14, 30) . The current study had several limitations. First, the relatively small number of persons in the sample with undiagnosed diabetes made it difficult to analyze differences by subgroup (e.g., sex or ethnicity). Second, the study's measures of health care access did not take into account availability, organization, or satisfaction. Third, diabetes status was identified by self-report as well as lab data, allowing for the possibility of recall bias.
Nevertheless, the current study's analyses clearly indicate that limited access to health care-especially among those without health insurance and/or a place to receive routine health care services-is associated with undiagnosed diabetes. To increase the timeliness of diabetes detection and thereby prevent diabetes-related complications and their associated economic and human costs, routine health care must be made more accessible to those who currently lack access to it. While the specific characteristics of this demographic group may differ between the two sides of the U.S.-Mexico border region, there is an urgent need in both the United States and Mexico to address the health care access gap.
Acknowledgment. This study was supported by the U.S. Centers for Disease Control and Prevention (CDC). The findings and conclusions in this report are those of the authors and do not necessarily represent the official position of the CDC. Objetivo. Examinar la relación entre el acceso a la atención de salud y la diabetes no diagnosticada en la población de alto riesgo y vulnerable de la zona fronteriza entre México y los Estados Unidos. Métodos. Mediante el uso de los datos de la encuesta y de la glucosa plasmática en ayunas de la fase I del Proyecto de Prevención y Control de la Diabetes en la Frontera México-Estados Unidos (de febrero del 2001 a octubre del 2002), en este estudio epidemiológico se identificaron 178 adultos de 18 a 64 años con diabetes no diagnosticada, 326 con diabetes diagnosticada y 2 966 sin diabetes. Se evaluó el acceso a la atención de salud en dicha muestra (n = 3 470), mediante el tipo de cobertura del seguro de salud (incluida "ninguna"), el número de consultas de atención de salud en el último año, las características de utilización de los servicios de salud y el país de residencia. Resultados. La probabilidad de no tener un diagnóstico fue mayor en las personas que padecían diabetes y que no tenían seguro ni ningún lugar al que acudir para recibir la atención de salud que en las que sí contaban con seguro y un lugar para recibir atención de salud (razón de momios [OR], 2,6, intervalo de confianza [IC] del 95% 1,0-6,6, y OR de 4,5, IC 95% 1,4-14,1, respectivamente). Al estratificar los datos por país, los datos de la encuesta mostraron que, en el lado estadounidense de la frontera, había un mayor número de personas con diabetes no diagnosticada si: 1) no tenían seguro, frente a los asegurados (28,9%, IC 95% 11,5%-46,3%, en comparación con el 9,1%, IC 95% 1,5%-16,7%, respectivamente), y si: 2) no habían tenido consultas o habían tenido de una a tres consultas en un centro de atención de salud en el último año, en comparación con ≥ 4 consultas (40,8%, IC 95% 19,6%-62,0%, y 23,4%, IC 95% 9,9%-36,9%, respectivamente, en comparación con el 2,4%, IC 95% -0,9%-5,7%) (todos, p < 0.05). No se observó una pauta parecida en México. Conclusión. En la región fronteriza entre México y los Estados Unidos, el acceso limitado a la atención de salud, especialmente si no se cuenta con un seguro de salud o no se tiene un lugar al que acudir para recibir atención de salud, mostró una relación significativa con la diabetes no diagnosticada.
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RESUMEN
Acceso a la atención de salud y diabetes no diagnosticada a lo largo de la frontera México-Estados Unidos
Palabras clave
